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Is nicotine important in tobacco smoking? 


Tobacco smoking is generally regarded as a form of nicotine dependence, but the 




evidence for this is slender. Two experiments are described here which examine the 


hypothesis that habitual smokers need nicotine and that they regulate their intakes of this 
drug . A laboratory test for smoking ivas devised which permitted the continuous 
monitoring of puffing as well as of selected physiologic variables; the procedure also 
designed to reduce the influence of smoking habits and rituals, in the first experiment, 
inhaled amounts of tobacco smoke reduced subsequent ad libitum smoking in a 
dose-related In the second experiment comparable closes of nicotine were given j 
intravenously to the same subjects, but they failed to affect Ongoing smoking. However, 
both the inhaled and intravenous doses of the drug produced very similar phvsiologic 
effects. These experiments do not. therefore, support the nicotine-dependence hypothesis; j A 
thus the ways, if any, in which this drug sustains the tobacco-smoking habit merit V 1 

further examination. __ 


R. Kumar, M.D., Ph.D., E. C. Cooke, M.Sc., M. H, Lader, M.D., Ph.D., and 
A. H. Russell, B.M., M.R.C.Psych. London, England 
institute of Psychiatry ' J 


The pharmacologic basis of the tobacco¬ 
smoking habit'remains surprisingly obscure, al¬ 
though it is generally assumed that nicotine 
plays some part in this bizarre and widespread 
compulsion to bum dried leaves. An average- 
strength cigarette delivers slightly over 1 
mg of nicotine in its mainstream smoke, 
most of which can be rapidly absorbed into 
the bloodstream following inhalation. 2 Such 
“smoking doses” of the alkaloid produce many 
effects in the brain and peripherally 1, 7> 9 ' 12,24 
but the psychologic actions of nicotine are vari¬ 
able and there ismnly circumstantial evidence 
that tobacco smoking is a form of nicotine de¬ 
pendence. 
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Smokers can partially regulate their intakes 
of nicotine when offered cigarettes of varying 
strengths, 3, n- 13, 2B but other constituents ot' 
tobacco smoke, such as tar, covary in amount 
with nicotine, 25 and factors such as the taste and 
“quality” of the smoke can markedly influence 
the amounts of smoking. 13 Recent tests in 
which tar and nicotine yields of cigarettes were 
independently varied 14 do, however, implicate 
nicotine as a reinforcer of smoking. This view 
is also supported by the observation 27 that 
smoking increases when subjects are given 
mecamylamine, which is, among other things, 
a central antagonist of nicotine. Other evidence 
for the nicotine hypothesis comes from studies 
of the effects of nicotine-containing chewing- 
gum upon smoking, 8, 20 but the most direct tests 
have been done with injected doses of the drug. 

In 1942 Johnston 18 commented that when 
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Measurements 

Smoking : Frequency of puffing 

Intervals between puffs 
Amplitude of puffs 

Physiological: Skin conductance 

Skin temperature 
Heart rate iECG) 

EEG : 4 wave bands 




Psychological: Checklists of mood and bodily symptoms 


Fig. i. Summary of the procedure 

habitual smokers were given hypodermic injec¬ 
tions of nicotine they “almost invariably 
thought the sensation pleasant, and, given an 
adequate dose, were disinclined to smoke for 
some time thereafter.” The same author also 
injected himself repeatedly with nicotine and 
came to prefer the injections to inhaling a 
cigarette; he later experienced feelings of depri¬ 
vation when the injections were discontinued. 
These are all hallmarks of a dependence disor¬ 
der and it can be argued that habitual smokers 
are physiologically dependent upon nicotine 
and that they repeatedly self-administer this 
drug in order to ward off the onset of with¬ 
drawal symptoms. There is some evidence for a 
nicotine-abstinence syndrome comprising psy¬ 
chologic responses such as craving, tension, ir¬ 
ritability, restlessness, impaired attention and 
performance, and a number of minor cardiovas¬ 
cular and neurophysiologic changes. u ’ ie ‘ 19, 29 
There seems to have been only one study of 
the effects of intravenous doses of nicotine on 
smoking behavior. This is one of the most di¬ 
rect ways of examining the possible reinforcing 
actions of the drug and the experiments were 
done by Lucchesi, Schuster, and Emley, 22 who 
demonstrated small, but significant, reductions 


adopted for both experiments. 

in the numbers of cigarettes smoked following 
continuous slow intravenous infusions of 
nicotine bitartrate. In order to try to confirm 
these findings and to extend the assessment of 
the role of nicotine in smoking, we devised a 
laboratory test which permitted the continuous 
and automated recording of puffing and also of 
several physiologic measures. The units of 
measurement were thus obtained from indi¬ 
vidual puffs rather than from counts of ciga¬ 
rettes that were smoked. Because nicotine has a 
relatively short half-life, 4, 17 it was possible to 
examine the effects on smoking of different 
doses of nicotine during a single session. An 
important feature of the design of the .study was 
that it covertly reduced the possibly overriding 
influences of the habits and rituals of cigarette 
smoking. Somewhat unexpectedly, our results 
do not support the hypothesis that smokers are 
dependent on, and hence need, regular doses 
of nicotine. 

Methods 

Subjects. The subjects were 12 paid volun¬ 
teers, seven male and five female, between 24 
and 38 yr of age; their weights ranged between 
44 and 83 kg. They were all screened as fit on 
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Fig. 2. Sections of polygraph records of two subjects. The measures in each case are of the heart 
rate, puffing, skin conductance, and a time marker indicating I-min intervals. Individual puffs have 
been numbered on the tracings. _ 


the basis of a medical history and physical 
check, including an electrocardiogram. All the 
subjects were moderate to heavy cigarette 
smokers; they reported smoking between 25 
and 60 cigarettes daily for at least 2 yr previous¬ 


ly. Counts of smoking during 3 days before one 
of the tests confirmed these estimates. 

Procedure. Each subject was required to at¬ 
tend the laboratory three times. The first occa¬ 
sion was for familiarization with the apparatus 
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Fig. 3. Left, Inhaled tobacco smoke depresses subsequent smoking in a dose-related way (Exp. 1) 
and this effect on the volumes puffed is greatest during the first 10 min after the doses. Right, 
Comparable intravenous doses have no effect upon the volumes puffed (Exp. 2). The crosses 
indicate the average volumes puffed by the subjects during the last 10 min of the initial settling- 
down period, i.c.. just before any doses were given. 

and procedure anc! with the “aims” of the tion” responses to these could be compared 

study. The actual purpose of the experiments with the results of die second test a few weeks 

that were to be done was concealed and the later when, instead of puffs, they would receive 

subjects were told that “habituation” of several pulsed injections of comparable doses of 

Important physiologic measures differed in nicotine through an intravenous infusion which 

smokers and nonsmokers. It was explained that would be running into an arm vein throughout 

these measures had never been recorded while the session. The final requirement was that they 

subjects smoked “normally,” nor had the ef- should take a total of 9 gm of enteric-coated 

fects of intravenous nicotine on habituation tablets of ammonium chloride at set intervals 

been studied in this way. They were told that, in during the 24 hr preceding each of the two tests, 

order to obtain adequate recordings from the The importance was stressed of acidifying the 

various electrodes, they would not be able to urine to reduce variations in the urinary' excre- 

move about freely nor to light nor handle tion of nicotine (a weak base). 4 There were no 

cigarettes. In order to circumvent this problem a restrictions upon the subjects’ smoking or diet 

shielded holder, containing a permanently lit prior to the tests. 

and regularly replaced cigarette, would be Drugs. The plan of the two experiments is 
placed very near their mouths while they sat in a outlined in Fig. 1. In the first experiment the 

comfortable chair for the duration of each ex- doses of nicotine were given by inhalation of 

periment (approximately 3.5 hr) in a small tobacco smoke and in the second experiment, 

semi-isolated test room. They could thus take a about a month later, roughly comparable doses 

puff whenever they wanted. All subjects were of nicotine were given to the same subjects by 

asked to bring their own reading matter. A glass intravenous injection. Two doses of the drug 

of an orange drink would be available through- and a control were tested in each experiment: 

out, Excessive hand movements would be dis- the order in which they were given to individual 

couraged as well as conversation. subjects was counterbalanced according to a 

It was explained that during the first experi- Latin square design. 3 
ment they would be asked at intervals to take a Experiment I. The independent variable was 

number of deep puffs, so that their “habitua- inhaled smoke containing three “doses” of 
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% -B Expt ] Doses given by inhalation 

- Expt 2 Doses given by intravenous injection 



Dose Dose 



Fig. 4. Dose-response effects of inhaled smoke and intravenous nicotine are compared. The three 
doses of smoke were roughly matched in terms of potency with the doses of intravenous nicotine 


and both are expressed on an arbitrary interval scale—0. I, and 2. Four smoking measures show that 
inhaled doses of tobacco smoke depress subsequent ad libitum smoking whereas comparable intra¬ 
venous doses of nicotine are without effect- Three of the measures, volume puffed," the number of 
puffs, and the volume per puff, are presented as average scores over the first 10 min after each dose. 

The fourth variable is the average delay before taking the first puff after the end of each dose. 

nicotine. Each dose consisted of 12 deep puffs cigarette. In all cases, immediately after the last 

that were inhaled and held for 3 to 5 sec; the puff of each dose had been taken, a medium- 

puffs were spaced at 1-min intervals. Dose “0” strength cigarette was placed in the holder and 

consisted of 12 puffs at a nicotine-free, herbal the subject was told he could resume puffing- 

cigarette and dose “2” was 12 puffs at the whenever he wanted. 

equivalent of a strong cigarette (six puffs from Experiment 2. The procedure for ad libitum 

each of two small cigarettes with a yield of 1.3 puffing remained the same, but here the doses 

mg of nicotine—the total yield was thus 2.6 were administered by intravenous injections 

mg). The intermediate dose “1” was obtained through a saline infusion /which ran continu- 

by alternating puffs at the herbal and the strong ously into an arm vein. Each dose was made up 
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in distilled water to a volume of 50 ml and was 
given in 10 5-sec pulses (5 ml) at 1-min inter¬ 
vals. The injections into the infusion were made 
through a two-way tap situated behind the sub¬ 
ject and each “bolus” was flushed in by the 
infusion, thus overcoming possible errors due 
to the dead space. Dose “0” consisted of dis¬ 
tilled water alone, dose “1” contained 0.035 
mg/kg of nicotine bitartrate in distilled water, 
and dose “2” contained 0.07 mg/kg of nicotine 
bitartrate. Thus, dose “2” for a 70-kg man 
comprised an absolute amount of nearly 5 mg of 
the bitartrate, which is equivalent to about 1.7 
mg of the alkaloid. The subjects were allowed 
to puff whenever they wanted to during the 
h’l-min periods of intravenous dosing. 

Measures of smoking behavior. The depen¬ 
dent variable in both experiments was the 
amount and rate of ad libitum puffing at 
medium-strength, filter-tipped cigarettes (nic¬ 
otine yield 1.3 mg—normally extracted by 
about 10 puffs) during the three 40-min sessions 
which followed each dose. These cigarettes 
were regularly replaced and thus a lit cigarette 
was continuously available to the subjects. 
Smoking behavior was monitored by a pressure 
transducer connected to the cigarette holder, 
which gave a continuous record of the numbers 
of puffs taken and of the interpuff intervals. In 
addition, the duration and depth of each puff 
gave an estimate of the volume of smoke 
sucked through the holder. Calibration tests 
with known volumes (range 10 to 50 ml) 
confirmed the validity of the volumetric esti¬ 
mates. The amounts of smoke actually inhaled 
could not be measured. 

Physiologic measures. The following mea¬ 
sures were recorded continuously. Heart rate: 
wrist and ankie electrodes were used. Skin tem¬ 
perature: a thermistor was strapped to the mid¬ 
dle finger of the. dominant hand. Skin conduc¬ 
tance: the recording and earth electrodes were 
attached to the thumb and forearm of the non¬ 
dominant hand and measures of basal conduc¬ 
tance and its variance (an estimate of fluctua¬ 
tions) were obtained. Electroencephalogram 
EEG: two scalp leads (vertex and left pari¬ 
etotemporal) were used and the output was 
analyzed via broad wave-band filters. The mean 
rectified, integrated voltage of the EEG in the 5, 
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6, ct, and wave bands was recorded continu¬ 
ously (i.e., 2.3 to 4.0, 4.0 to 7.5, 7.5 to 13.5, 
and 33.5 to 26.0 Hz, respectively). 

The physiologic measures were averaged 
over 1-sec periods and then further processed 
by computer (PDP12) and stored on tape to¬ 
gether with the smoking scores. Polygraph re¬ 
cordings of the electrocardiogram (BCG), skin 
conductance, and puffs were also taken. 

Psychologic measures. Linear analog scales 6 
covering a range of items corresponding to 
mood and to somatic symptoms of anxiety were 
administered 20 min after the start of the exper¬ 
iment and 20 min after the end of each dose of 
the drug; these were completed by the subjects 
within 2 to 5 min. 

Analysis of results. 'Ilhe'scores for puffing 
and for the physiologic measures were first av¬ 
eraged over 10-min blocks and this gave four 
consecutive scores for each measure after every 
dose. Multivariate analyses showed that the 
scores for the first 10 min after the inhaled 
doses (Exp. 1) were significantly different from 
the scores over subsequent 10-min blocks and it 
appeared that the main effects due to doses had 
occurred during the first 10-min block. Further 
analyses of variance were then done on the data 
for the first 10 min after the doses in both exper¬ 
iments and also for selected measures that were 
taken during the times that the doses were being 
given (12 min in Exp. 1 and 10 min in Exp. 2). 

Results and discussion 

Fig. 2 illustrates segments of the polj'graph 
records for two of the subjects; it shows how, 
once they had settled down, these subjects 
tended to puff in a regular way. Subjects dif¬ 
fered considerably between themselves in their 
rates of puffing, but individual rates tended to 
remain broadly stable during the test session. 
Furthermore, there was a relatively good corre¬ 
lation between the over-all rates of puffing by 
individual subjects across the two experiments, 
which were about a month apart (r = 0.66; df 
10; p < 0.02). 

These puff-by-puff recordings are reminis¬ 
cent of behavioral research into drug depen¬ 
dence in animals where drugs may be self- 
administered according to simple schedules of 
reinforcement. In this study the schedule can be 
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described as fixed ratio—1, i.e., one response 
(sucking at holder) producing one reinforce¬ 
ment (dose of smoke). It was not possible to 
measure the amounts of smoke actually inhaled 
and we elected in this experiment not to disturb 
tlte smoking behavior of our subjects by taking 
repeated blood samples for nicotine and carbon 
monoxide estimations. Puffing and inhalation 
seem closely related, but our conclusions must 
remain tentative until the method is further de¬ 
veloped to incorporate estimates of smoke in¬ 
haled. This technique does, however, improve 
on studies in which either numbers of cigarettes 
smoked or numbers of puffs are counted. Esti¬ 
mates of the volume puffed add greatly to the 
sensitivity of the measures and the validity of 
these scores was checked by correlating them 
with estimates of nicotine remaining in the filter 
tips. The filters from Exp. 2 were pooled in 
batches of four corresponding to each 40-min 
period; two batches were lost and there were 
therefore 46 possible comparisons (r = 0.88; df 
44; p < 0.001). The filter nicotine measures 
give a good indication of the smoke that has 
passed through the filter tip and this result 
confirms the validity of the puff volume scores. 

Effects of inhaled and Intravenous doses 

of nicotine upon smoking 

Fig. 3 presents the average volumes of 
smoke puffed in successive 10-min blocks 
after each of three doses of drug. In Exp. 1 
the inhaled ..doses reduced the volumes sub¬ 
sequently puffed in an orderly manner (F = 
8.78; df 1,20; p < 0.01). The greatest effect 
was seen initially, with a gradual recovery 
by the end of the 40-min session. Exp. 2, by 
contrast, showed that roughly similar doses of 
nicotine, given intravenously, completely failed 
to alter subsequent smoking as measured by 
volumes puffed- In Exp. 2 the subjects were 
taking smaller volumes right from the outset, 
even before - any of the doses were given. 
Perhaps this was in some way a response to the 
more stressful conditions of this experiment, 
but it may be noted that there were no system¬ 
atic trends indicating habituation as the experi¬ 
ment progressed. Analysis of the other smoking 
variables showed that although the subjects 
took smaller puffs in the second experiment, 


they did so more frequently. An effect of the 
intravenous nicotine should, in principle, have 
been possible either through a reduction of the 
numbers of puffs taken or by a further depres¬ 
sion of the volumes puffed. 

Puffing during the first 10 min after doses. 
Since the main effects seemed to be confined to 
the first 10 min of each period the analyses of 
variance were restricted to this initial block and 
tested for dose-response relationships in the 
form of linear trends. The two experiments 
were analyzed separately, but_ the results ob¬ 
tained from within each experiment are 
presented and discussed side by side. 

Fig. 4 summarizes the scores for four mea¬ 
sures of puffing which are plotted against in¬ 
creasing doses. 8 

In Exp. 1 there was clear evidence that doses - | 
of inhaled tobacco smoke reduced subsequent 2 
puffing in a dose-related manner; there were ? 
significant linear dose trends for the volumes 1 

puffed (F = 15.24; df 1,20; p < 0.001), - 

the numbers of puffs (F = 6.22; df 1,20, 
p < 0.025), and the volume per puff (F = 
7.20; df 1,20; p < 0.02). In Exp. 2. the 
doses of intravenous nicotine failed to affect the 
volumes puffed (F < 1), the numbers of puffs 
(F < 1), and the volume per puff (F = 1.3) (df 
1,20) in each case. 

In order to check for possible short-lived ef¬ 
fects of intravenous nicotine the latencies to the 
first puff after the end of each dose were 
compared by the Friedman two-way analysis of 
variance; this nonparametric test 2G was used be¬ 
cause of the non-normal nature of the scores- 
Inhaled doses of smoke significantly altered the 
latencies (xr a = 13.50; df 2; p < 0.01) where¬ 
as intravenous doses were without effect (xr s = 

1.17 df 2). However, since this was the only 
measure which suggested that intravenous doses 
might be affecting smoking (see Fig. 4), the 
scores were further checked by tests for lin¬ 
ear trends following reciprocal transformations. 
Inhaled doses systematically reduced the speed 
to the first puff (F = 13.19; df 1,20; p < 
0.002); intravenous nicotine did not (F < 1). 

Puffing during the periods of dose admin¬ 
istration. In Exp. 1 there-were no differences 
between the total volumes puffed for the 12 
inhalations at each dose level (F < 1). It seems 




PM3003733233 


Source: https://www.industrydocuments.ucsf.edu/docs/qzlj0001 










fogy 

•tics 


Volume 21 
Number 5 



Role of nicotine in smoking 527 


the 

ave 

the 

res- 


ses. 
d to 
s of 
and 
the 
ents 
ob- 
are 


oea- 


in- 


oses 
uent 
vere 
mes 
31 ), 
, 20 , 
F = 
the 
t the 

mffs 

)(df 



1 ef- 
i the 
-vere 
is of 
’ be- 
>res. 
I the 
iere- 
r’ = 
only 
oses 
the 
lin¬ 
ens, 
peed 
P < 
- 1 ). 
nin- 
-nces 
e 12 
tms 




reasonable to assume, therefore, that any sub¬ 
sequent effects were due to the content of the 
doses. 

In Exp. 2 the subjects were allowed to puff 
ad libitum during the 10-min periods of infu¬ 
sion. This procedure was adopted because of 
the greater likelihood of detecting very short- 
lasting effects of intravenous nicotine on smok¬ 
ing. As it happened, there were no differences 
due to the doses in any of the smoking mea¬ 
sures, i.e., number of puffs (F < 1), volume 
(F < 1), and in their product—total volume 
puffed during the 10 min (F < 1). Had any 
such differences been detected, they would, of 
course, have had to be. taken into account in 
comparisons of the periods after the doses. 

Physiologic measures. 

Heart rate. In both experiments the heart rate 
was systematically altered by doses of the drug. 
The average rates in the 10 min after the inhaled 
doses were 75.9, 77.2, and 79.3 beats/min for 
dose 0, dose !, and dose 2, respectively 
(F = 10.22; df 1.20; p < 0.005). Intravenous 
nicotine produced very similar effects; the cor¬ 
responding average rates were 73.5, 76,0, and 
78.2 beats/min (F = 23.85; df 1,20; p < 
0.0001). These results are consistent with pre¬ 
vious tests of the effects of inhaled and intrave¬ 
nous nicotine. 1- B 

Skin conductance. No dose-related effects of 
nicotine on this measure were found in either 
experiment. 

Skin temperature. As a result of apparatus 
failure several measures were lost and the re¬ 
maining data were not analyzed. 

EEC mean rectified, integrated voltage. In¬ 
haled doses of nicotine were without a clear 
effect on any of the bands, although there was a 
tendency for /3 activity to be systematically in¬ 
creased by the drug both during (F = 2.91; df 
1,20; p < 0.10) and in the 10 min after the dose 
(F = 3.37; df 1,20; p < 0.08). A similar effect 
was seen during (F = 5.37; df 1,20; p < 0.03) 
and after the intravenous doses of nicotine 
(F = 21,0; df 1,20; p < 0.0002). The mean 
scores for [i activity after the inhaled doses 
were 1.92, 1.94, and 2.07 pN and in the 10 
min after the intravenous dose the correspond¬ 
ing scores were 1.57, 1.70, and 1.80 pV. The 
mean j3 values during the last 10 min of the 


settling down periods, i.e., before any doses 
were given, were 1.87 pN and 1.56 puW in Exp, 

1 and Exp. 2, respectively. 

Psychologic measures. Analyses of the self 
ratings made in both the mood check list and the 
anxiety symptom scale failed to show any con¬ 
sistent effects after doses of inhaled smoke or 
intravenous nicotine. This may well have been 
due to the fact that these ratings were not made 
until 20 min had elapsed after each dose. The 
ratings were not done sooner because they took 

2 to 5 min to complete and this would have 
disrupted the principal measure, i.e., smoking. 
There was, however, a significant trend in the 
infusion study for subjects to rate themselves as 
more drowsy and more relaxed as the experi¬ 
ment progressed. Paradoxically';' they also re¬ 
ported feeling more energetic and this some¬ 
what complicates interpretations of the data. 

Conclusions 

The real aim of the experiment was success¬ 
fully concealed and this meant that subjects 
puffed freely and as naturally as possible. Inter¬ 
vals between lighting up and the manner of light¬ 
ing, handling, puffing, and extinguishing ciga¬ 
rettes all tend to follow firmly ingrained patterns. 
By allowing only the terminal response of puffing 
it was hoped to obtain measures of ad libitum 
smoking which were as free as possible from 
such habits and were thus more sensitive to 
pharmacologic manipulations. The physiologic 
measures provided parallel assays of the po¬ 
tency of nicotine in the two experiments. 
Acidifying the urine reduces variations in excre¬ 
tion of nicotine thus improving control over cir¬ 
culating levels of the drug. Another important 
element was the use of dose-response analyses 
without which it is extremely difficult to draw 
meaningful conclusions about the effect of 
drugs on biologic systems. 

Exp. 1 showed that inhaled “doses” of 
smoke systematically postponed and reduced 
subsequent puffing and that this was a function 
of the content of the smoked doses. The second 
experiment took Che analysis a stage further by 
directly examining the role of nicotine as the 
putative reinforcer. Contrary to expectation, the 
intravenous doses were without effect on smok¬ 
ing behavior. The physiologic tests showed that 
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the doses of nicotine clearly modified the heart 
rate and also the EEG (/3 activity) and compara¬ 
ble effects were seen in the two experiments. 
Thus, the lack of effect of intravenous nicotine 
on smoking cannot be ascribed either to inade¬ 
quate dosage or to a failure of the drug to enter 
the blood and the brain. Some of the subjects 
did complain of some aching and pain in their 
arms at the time the doses were injected into the 
infusion, but neither they nor the experimenters 
were able to guess which doses were active and 
which were not at levels better than chance. 
Finally, the failure of intravenous nicotine to 
modify smoking cannot be ascribed to an insen¬ 
sitive method (cf. Exp. 1). 

Our negative findings, therefore, reopen the 
question whether physiologic dependence upon 
nicotine really is the basis for the tobacco¬ 
smoking habit. Is it possible that there is some 
other rewarding constituent of tobacco smoke? 
Alternatively, if relief or avoidance of nic¬ 
otine-abstinence symptoms is unimportant, 
could the drug be acting as a primary positive 
reinforcer rather in the way that amphetamine 
and other stimulant drugs are thought to sustain 
self-administration behavior? 20 If this were so, 
one might expect that, within limits, increasing 
the nicotine content of cigarettes would result in 
increased reinforcement and more smoking; if 
anything, the opposite seems to be the case. 14 
Although there is now an immense literature 
on intravenous ^elf-administration behavior in 
animals relating to drugs of dependence, 21 there 
seems to be only one brief report 10 that nicotine 
can serve as a reinforcer in this way. 

Much money and effort are being spent on 
attempts to reduce tobacco smoking and to 
make the habit less damaging to health. Some 
recent suggestions and developments include 
nicotine-containing chewing gums, cigarettes 
made from tobacco substitutes, cigarettes with 
low nicotine and tar yields, or cigarettes with 
high nicotine and low tar yields. The rationale 
for such measures is lacking since the role of 
nicotine and the mechanisms of pharmacologic 
reinforcement in tobacco smoking remain 
virtually unexplored. 

We thank Dr. M. V. Driver for screening the 
ECGs of our subjects, Mr. B. Aschkenasy for prepar¬ 
ing the nicotine solutions for injection, and Dr. 
Griffith Edwards for his advice and support. 
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